Abstract: DNA extractions from 77 snap bean and 2 dry bean cultivars were evaluated for molecular polymorphisms. In total, 100 10-mer oligonuceotide primers were evaluated, and 31 primers that amplifi ed clear and repeatable polymorphisms among bean cultivars were selected. These primers amplifi ed a total of 49 polymorphisms between the cultivars and were used to differentiate the cultivars and evaluate the genetic diversity between them. All cultivars were clustered according to genetic similarities using GenStat 5.0 software, and groupings of pod types were observed when cultivars were separated based on a dissimilarity index. The RAPD polymorphisms will be useful for cultivar determination, seed purity testing and estimation of genetic distances.
(Chile, Peru, Nueva Granada) areas of domestication, while most dry bean types have a Middle America (Jalisco, Durango, MesoAmerica) area of domestication (Gepts et al., 1986) . These types can be determined based on phaseolin seed protein when separated by SDS polyacrylamide gel electrophoresis (Koenig et al., 1990) . Common beans of Andean origin are characterized as T-, C-, H-and A-types, while beans of Middle America origin are Sand B-types (Gepts et al., 1986; Singh et al., 1991) . Snap beans are marketed under different classes that include large sieve green beans, yellow/golden wax beans, fl at podded romano beans and small sieve whole beans. The genetic diversity of common beans has previously been investigated, but has focused primarily on dry bean market classes (Beebe et al., 1995; Metais et al., 2000; Skroch et al., 1998) . Investigation of genetic similarities among cultivars within or between market classes can help to determine variety identifi cation (Graham et al., 1994) , variability between gene pools (Haley et al., 1994; Johns et al., 1997) , pedigree (Alzate-Marin et al., 1996) , and choice of parents to maximize genetic distance (Machado et al., 2000) .
Genetic diversity between common bean cultivars has been estimated using several types of molecular markers including RAPD, restriction fragment length polymorphisms (RFLPs), sequence characterized amplifi ed regions (SCARs), amplifi ed fragment length polymorphisms (AFLPs), and simple sequence repeats (SSRs)/microsatellites (Bartish et al., 2000; Bautista et al., 2002; Gaitan-Solis et al., 2002; Lu et al., 1997; Steiger et al., 2002) . Molecular markers can generate important information for germplasm clarifi cation, cultivar identity, pedigree relationships and seed purity. The use of RAPD markers (Davis and Myers, 2002; Skroch et al., 1992; ) is preferable as the relative cost is low and the availability of SCARs, SSRs, and expressed sequence tags (ESTs) for P. vulgaris is limited. The evaluation of RAPD marker polymorphisms among snap bean cultivars is important for determining dissimilarities between the different classes of snap bean, and characterizing genetic variability among snap bean cultivars in general. In this study, we evaluated RAPD marker data to characterize snap bean cultivars with respect to genetic similarity and provide a molecular basis for variety identifi cation of snap beans.
Materials and Methods
Germplasm. 77 snap bean cultivars and two dry bean cultivars ('Aurora' and 'Seafarer') were included in this study (Table 1 ). The cultivars included two romano bean cultivars, six wax bean cultivars, two dry bean cultivars, and 14 whole bean cultivars. The remaining 55 cultivars were considered to be large sieve, green bean types. All beans were planted in 32-cell (125-cm 3 ) Styrofoam trays ('Speedling', Sun City, Fla.) in 'Cornell Mix' (Boodley and Sheldrake, 1982) with one seed per cell on 1 July 2002. Plants were grown to the fi rst trifoliate, which was removed for genomic DNA extraction 14 d after planting. The cultivars were grown in a greenhouse at 23/20 °C day/night with a 14-h photoperiod under 1000-W metal halide lamps (300 μmol·m ). DNA procedures. DNA was extracted and bulked from the terminal leafl ets of the fi rst trifoliate leaf of four plants for each cultivar (Doyle and Doyle, 1990) . DNA pellets were resuspended in 500 μL of T.E. (10 mM TrisHCl, 0.1 mM EDTA, pH 8.0) and stored at -20 °C. Random fragments of DNA were amplifi ed using single, 10-mer, oligonucleotide primers (Biotechnology Lab., University of British Columbia, Vancouver, B.C.), in a modifi ed polymerase chain reaction (PCR) buffer (0.5 M Tris pH 8.3, 10 mM MgCl 2 , 10 mM Tartrazine, 14% w/v Ficoll). RAPD polymorphisms were generated using standard PCR procedures (Williams et al., 1990) for 45 cycles in a gradient thermal-cycler (Brinkman instruments Inc., Westbury, N.Y.). Each cycle consisted of 60 s at 94 °C, 60 s at 35 °C, and 90 s at 72 °C. Fragments were separated by gel electrophoresis on a 1.5% agarose gel at 100V for 1 h in 1× TrisAcetic Acid-EDTA (TAE) buffer. Gel banding patterns were visualized under ultraviolet light after staining with ethidium bromide (4 ng·mL -1 ) using a Gel Doc 2000 system and pictures were digitally recorded with Quantity One software (Bio-Rad Laboratories, Hercules, Calif.). Genetic differences were scored based on the presence or absence of polymorphisms generated by 31 primers for the 79 cultivars tested. The 49 polymorphisms scored represented RAPD bands that were clear and repeatable.
Data analysis. Genetic similarities were estimated from the genotypic data using a simple matching coeffi cient as described by (Sneath and Sokal, 1973) . The 79 cultivars were clustered based on a matrix of genetic similarities using the clustering algorithm with GenStat 5.0 software. The dissimilarity index measured the mean genetic distance between a cluster and all other clusters.
Results
In total, 49 polymorphisms were identifi ed based on amplifi cation of the DNAs of the 79 common bean cultivars ( Table 2 ). The range of frequencies of these polymorphisms varied from 5% to 92.5% and provided molecular information for determining genetic similarities of the cultivars. A cluster analysis was performed based on the 49 polymorphic loci and used to generate a dendogram (Fig. 1) classes had high levels of genetic similarity, such as, the wax beans 'Yukon', 'Sunburst', and 'Goldmine'. The only cultivars that could not be separated based on the 49 polymorphisms were 'Podsquad' and 'Opus', which are both marketed by Seminis vegetable seeds and have similar horticultural characteristics.
Discussion
Snap beans are common beans developed primarily from the Andean (T-type) gene pool (Gepts and Bliss, 1985) . This study evaluated genetic variation between cultivars and classes of snap beans. The two dry bean cultivars that were included in this study were clearly separated from the snap bean cultivars based on genetic dissimilarity. The study was also able to differentiate the majority of the small-sieve genotypes into a single cluster that contained only one larger-sieve type ('Capricorn'). It is likely that these cultivars share a common pedigree that is more closely associated with the two dry bean cultivars than the majority of snap bean cultivars. This suggests that many of the small-sieve cultivars have a higher genetic similarity to the dry bean cultivars developed out of the Middle American gene pool, and may be based partly on hybridizations to germplasm from this gene pool. Determination of phaseolin type of these whole bean cultivars would be informative in determining whether they contain Middle American material in their backgrounds. The six wax beans evaluated were not separated from the majority of snap bean cultivars, suggesting that this phenotype does not involve a high degree of genetic dissimilarity. However, the wax beans were all closely related, with 'Yukon', 'Sunburst' and 'Goldmine' forming a tight cluster, and 'IndyGold' and 'Golden Rod' showing very close similarity. These associations are probably related to pedigree as are the associations of many of the snap beans in this study. The small-sieve wax bean 'Majestic' was less closely related and was clearly identifi ed from all other cultivars tested with a genetic dissimilarity of 0.28.
These results identified common molecular polymorphisms in different classes of snap beans that highlight similarities in their breeding pedigrees. The results also provide information to enable wide crosses of cultivars while maintaining the intended pod type. The use of RAPD markers in this study has demonstrated the benefi ts of molecular markers in identifying genetic diversity with the snap bean market class. The information documented can also be used in determining similarity of cultivars developed by different breeders/seed companies, in determining seed purity of seed lots and differentiating cultivars if errors have been made in distribution. This research will help breeders when choosing parents for use in crosses, and will help to exploit the genetic variation that exists in snap bean germplasm. The evaluation of plant introductions at germplasm repositories using these markers would also help in determining duplications and the extent of genetic diversity represented in the common bean core collection.
